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SURFACE ROUGHNESS EFFECTS ON THE SUPERSONIC AERODYNAMICS 
OF THE ROCKWELL INTERNATIONAL 089B-139 ORBITER 

by 

George M. Ware and Bernard Spencer, Jr. 

SUMMARY 

An experimental test program has been conducted to determine the 
effects of vehicle surface roughness on the supersonic aerodynamic charac- 
teristics of a 0.01875 scale model of a Rockwell International space shuttle 
configuration. Surface roughness was simulated by applying a sparse coating 
of carborundum grit to complete model. Various grit sizes were investigated. 
The tests were conducted in the Langley Unitary Plan Wind Tunnel at Mach 
numbers from 1.60 to 4.63. The angle of attack was varied from about -2° 
to as much as 42° at 0 ° and +3° of sideslip. The angle of sideslip was 
varied irom -8° to 8° at angles of attack from 0° to U0°. 

These tests were two in a series of several tests to determine the 
effects of surface roughness on the orbiter aerodynamic characteristics 
over the complete Mach number range. Data Management System reports cover- 
ing the other data are: 

DMS-DR-2056 
DMS-DR-2040 


DMS-DR-2079 


Low epeed results, M *-• .25 
Transonic results, M = .35 to 1.20 
Hypersonic results, M * 6 
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VJWV%^«v«w 

General 


SADSAC 

SYMBOL 


Q(BSM) 

Q(PSF) 

RH/L 


ALPHA 

am 

psi 

PHI 


pgjaiTiai 

speed of sound; n/sec, ft/aec 
pressure coefficient; (pj. • P®)Al 

Mach number; v/a 

pressure; H/b 2 , psf 

dynamic pressure; l/2 #> 2 » B/" 2 * P # * 

unit Reynolde number; per b, p»r ft 
velocity; a/see, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yav, degrees 
angle of roll, degrees 
mass density; kg/m^, slugs/ft^ 
Reference & C.Q« Definitions 


Ab . 


base area; m?» ft® 

b 

HREF 

ving span or reference span; m, ft 

c.g. 

4as? 

C 

IRSF 

center of gravity 
reference length or wing mean 

aerodynaaitc chord; m, ft 

3 

SRBF 

ving area or reference area; m 2 , f 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


XMRP 

moment reference point on X axis 


2MRP 

moment reference point on Z axiB 


gJIBCRIFEB 

b 

1 

s 

t 


base 

local 

static conditions 
total condition* 
free stream 



NOMENCLATURE! (Continued) 


SADSAC 

SYMBOL 


c Y 

CY 

~ r 
j 

CAB 

C Af 

CAF 

c m 

Cl M 

Cn 

CYK 

H 

CBL 

C L 

CL 

C D 

CD 

C *>b 

CUB 

C ^f 

CDF 

°Y 

CY 


CM 

C n 

CLR 

c# 

CSL 

l/d 

l/d 

L/Dp 

l/df 


DSFINITIOW 

normal-force coefficient; SS35£^^S££. 
axial-force coefficient; axlal 

qS 

side-force coefficient; slde ^| S £ — 

base-force coefficient; S 5 • * * ? ! £. 

qS 

-A b (Pb ‘ P *)/& 

forebody axial force coefficient, C^ - C^ 

pitching-moment coefficient; pitching momen t 

<1*1 REF 

yawing-moment coefficient; 

rolling-moment coeii icient; 

Stability-Axis System 
lift coefficient; — |^ 

drag coefficient; 

OP 

base-drag coefficient; b6S ^g dr8 6 

fore body drag coefficient; 

side-force coefficient; aide ta ? — 

OP 

pitching -moment coefficient; EL bchi “6^“^ nt 

yawing-moment coefficient; ^ avin ® g ^ C * Bent 

rolling-moment coefficient; 

lift-to-drag ratio; Cj/C D 

14 # 4 - trrr * hodv drait ratio: Cr/Cr^ 


vmmPTi i nn)l! 


SYMBOL 


eL I,0 


*Rl,0 


SADSAC 

SYMBOL 


ELEVTR 


AILROH 


ft T - SWP 


DEFINITION 

left inboard/outboard elevon surface deflection 
angle, positive deflection trailing edge down; 
degrees. 

right inboard/outboard elevon surface deflection 
angle, positive deflection trailing edge down; 
degrees . 

elevator, surface deflection angle, positive 
deflection trailing edge down, degrees. 


®I*I,0 + **1,0 


aileron, aileron deflection angle, degrees, 

- fi eRQ)/2 


GT-LOC grit location (refer to Test Conditions). 

K roughness height. 


ratio of roughness to model body length. 

direction of alpha sweep, 1.0 « negative to 
positive sweep, 2.0 = positive to negative sweep. 


CPC cavity pressure coefficient. 

CPB base pressure coefficient for UPWT 103^. 

CPBI.CPB2 base pressure coefficients for UPWT 1023. 

DCY/DB side force coefficient derivative with respect to 

beta. Algebraic difference of the side force coef- 
ficient of two runs divided by the algebraic dif- 
ference of the side slip angle of the runs ; per 
degree. 

DCY1DB yawing moment coefficient derivative with respect 

to beta. Algebraic difference of the yawing moment 
coefficient of two runs divided by the algebraic 
difference of the aide slip angle of the runs-, body 
axis system; per degree. 
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NOMENCLATURE (Concluded) 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

C b 

DCBLDB 

rolling moment coefficient derivative with respect 
to beta. Algebraic difference of rolling moment 
coefficient of two runs divided by algebraic dif- 
ference of side slip angle of the runs; body axis 
system; per degree. 

C y6 a 

DCY/DA 

side force coefficient derivative with respect to 
total aileron deflection. Algebraic difference of 
the side force coefficients of two runs divided by 
the algebraic difference of the total aileron 
deflection angle of the runs; per degree. 

C *S a 

DCBLDA 

rolling moment ^efficient derivative with respect 
to total aileron deflection. Algebraic difference 
of t,he rolling moment coefficient of two runs 
divided by the algegraic difference of the total 
aileron deflection angle of t runs; body axis 

system; per degree. 

Cn 6 a 

DC'YNDA 

yawing moment coeffie 4 — derivative with respect 
to total aileron deflection. Algebraic difference 
of the yawing moment coefficient of two runs divided 
by the algebraic difference of the total aileron 
deflection angle of the runs; body axis system; 
per degree. 
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TEST FACILITY DESCRIPTION 


The NASA LaRC 4 Foot Unitary Plan Wind Tunnel (UPWT) is a closed- 
circuit, continuous flow, variable density facility. The test section 
is 4 feet by '• feet long. 

Two tunnel legs are available for supersonic testing in the Mach 
number ranges 1.47 to 2.86 ( Leg No . 1 ) and 2.29 to 4 . 63 ( Leg No . 2 ) . 

Both tunnel legs were used for this test. An asymmetric, sliding block 
nozzle position and total pressure setting provide the test Mach numbers 
at a specified Reynolds number. Reynolds nui er car. be varied from 0.76 
to 7.78 million per foot. Available stagnation pressure variation is 
4.0 to 142. psia. Dynamic pressure variation is 95- to 1260. psf with 
normal operating stagnation temperature about 150°F in Mach modes 2 or 3 
and about 175°F in Mach mode 4. The tunnel is equipped with a dry air 
supply, an evacuating system, and a cooling system. The facility power 

is approximately 83,000 horsepower. 

Model mounting provisions consist of various sting arrangements, 
including axial (longitudinal), lateral (independent pitch and yaw), 
and roll movement with side wall support. A Schlieren system and oil 
flow visualization equipment are available. Data are recorded at the 
tunnel and reduced off-line at the Langley Computer Center. The tunnel 
is used for force and moment, pressure, and dynamic stability tests. 

Hot and cold Jet effects and heat transfer have been studied in the UPWT. 


TEST CONDITIONS 


Tunnel conditions existing during the test are summarized in Table I. 
The model was sting supported, and the aerodynamic forces and moments were 
measured by an internally mounted six-component strain gage balance. Model 
angle of attack was varied from about -2 C to as much as 42°. Reynolds 
number was held constant at 1.5 x 10 6 per foot for M « 1.6, 1.9, and2.36 
and 2.5 x 10 6 for M - 4.63. 

Vehicle roughness was simulated by applying a relatively sparse 
coating of carborundum grit over the complete model. This overall rough- 
ness is referred to acreage roughness (grit location no. 1). For compari- 
son purposes, the model was also tested with no fixed transition and with 
transition fixed in the normal manner by thin strips of no. 46 grit .25 
inches aft of the leading edge of the wing, vertical tail, and 1.0 inch 
aft of the nose (grit location no. 2). As a most extreme case, grit was 
applied to one-half of the model and the other half was left clean (grit 


legation 3). The grit 
the following table. 

size and the 

type of application are 

indicated in 

GRIT NO. 

K, in. 

K/i 

TYPE 

GRIT LOCATION 
NO. 

46 

.0165 

6.82 x 10' 4 

Normal Trans. Strips 

2 

46 

.0165 

6.82 x 10“ 4 

Acreage 

1 

46 

.0165 

6.82 x 10" 4 

Acreage on 1/2 

* 3 ' 

+j 
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CONFIGURATION INVESTIGATED 


The configuration tested was a 0.01875 scale model of a blend of 
Rockwell International shuttle configurations. The model consisted of a 
039B configuration with a 139B configuration nose forward of F.S. 500. 

A sketch and a photograph of the model are shown in figures 2 and 3, re- 
spectively. Most of the supersonic tests were made with the rudder flared 
'o form a 1C°A0° wedge vertical tail. Tests were made with 0° and -20° 
elevon deflections and with 10° of aileron superimposed on -20° elevon 
deflection. 


DATA REDUCTION 


A LaRC 832-B six-component strain gage balance was used to measure 
model forces and moments. All final data were presented along a set of 
body and stability axes passing through the nominal center of gravity 
located at F.S. 1076.U3 or 65 percent of the body length. Model data 
were converted to standard NASA Coefficients using the following constants. 

Reference Area, S ref = wir.g planform area = 0 °**57 ft. 2 

Reference Length, 5 r ef = wing mean aerodynamic chord = 8.9025 in. 

Reference Span, href ~ wing span = 17*5628 in. 

Vehicle surface roughness was nondimensionaliaed by the model body length, 
i = 2U.193 in. The drag data presented herein is gross drag in that base 
drag is included. Tabulated base pressure coefficients are presented 
however, if corrections are desired. 
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TAHLE_III._ 

MODEL CCMt'OKEW'X' DBuijNS±Ox5AL DAxA 


model COMPONENT: 50t)Y^__089B--139B (Modified Nose), 


GENERAL DESCRIPTION: Nose section from fu ll-scale station 238.0 to STa. 500 . 

fro m NAR drawing VL70-000139B. Remainin g body AFT of STA 500 from NAR 

drawing VL7 0-00009 3 ■■ ■ — — ' 


nRAMING NUMBER: 


DIMENSIONS: 


VL70-000093 


FULL-SCALE 


.01875 
MODEL SCALE 


Length 
Max. Width 
Max. Depth 
Fineness Ratio 


1290.3 


265.0 


248.0 


4.869 


24.193 


4.969 


4.650 


4.869 


Max. Cross-Sectional 


456.40 


0.1605 


Planform 


Wetted 
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TABLE III. (CONTINUED) 


MODEL COMPONENT : ELEV0N 

GENERAL DESCRIPTION' CONFIGURATION PE* LINES VL70-Q00093 

DATA FOR (1) OF (2) SIDES 


MODEL SCALE “ 0.01875 


DRAW I NG NUMBER: VL7 0-0000 93 


DIMENSIONS: 


FULL-SCALE 


Area 

Span (equivalent) 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equlv. chord 

At Outb'd equlv. chord 

Sweep Back Angles* degrees 

Leading Edge 

Tailing Edge 

Hlrgellne 

Area Moment (Normal to hinge line)- Pt3 


205,517 

353.34 

114.78 

55.00 


.208 


.400 


0.00 

- 10.02 

0.00 


1548.07 


MODEL SCALE 

0.0723 

6.625 

2.152 

1.031 


.208 


.40Q 


0.00 

- 10.02 

0.00 


0.0102 


lB 



t able III. (ccijtikjed) 


MODEL COMPONENT : WING „ 

GENERAL DESCRIPTION: Orblter Configuration par Lines VL 70 - 000093 . 

/. •« . .. n ► 1 .-MjAr cnrffli^P ftf the villS fit thfi 75 . 33 % 

NUT IS J (UXUeULrtJ cuifti-c .10 - • - 

I. ■ I “ • 

element line projected into a plane perpendicular to the PRL) . — — — 

SCALE MODEL - 0.01875 


DRAWING NUMBER : VL7 0-00 009.3 

D IMENSIONS : 

TOTAL DATA 

Area 

Planfcrm 

Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Diehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Wing Sta. 0.0) 

Tip, (equivalent) 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 

Area ' 

Span, (equivalent; 

Aspect Ratio 
Taper Ratio 


Sta. of .25 MAC 
of ,25 MAC 
of .25 MAC 


Chore: 

Ro^t 

Fus. 

W.P. 

B.L. 


FULL-SCALE 


2690.00 


936.68 

2.265 

1.177 

0.200 

3.500 ' 

3 06 lT 
+3.o6t' 


45.000 

-T6.25" 

689.24 

“T377S5" 

474.81 
1136.89 
1 299.26 
182.13 



2.058 

X275T 


562.40 

393.03 

mLa— 

300.20 

143.76 


MODEL SCALE 


0.9457 


17.56 

TTT7T 

“irm 

3.500 
~ T.QOO 

+3.66o 


45.000 

- 16 . 24 "" 

35 . 26 ? 

12.923 

2 . 5 6 ? 


8.903 

21.317 

5.610 


3.415 


0.6160 

13.5l5~ 

”2.058 


6T275T 


10.545 

2-5S1 

7.369 

22.224 

5.629 

2.700 
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TABLE III. ( CONTINUED ) 


MODEL COMPONENT: 


Vertical Tail 


GENERAL DESCRIPTION: Centerline vertical tall double wedge airfoil with 


rounded leading edge. 


Scale Model * 0.01875 


DRAWING NUMBER: 


VL 7 0-000095 


DIMENSIONS: 


FULL-SCALE 


MODEL SCALE 


Area (theo) ft. 

Span (equivalent) 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equlv. chord 

At Outb'd equlv . chord 

Sweep Back Angles* degrees 

Leading Edje 

Tailing Edge 

Hingeline 

Area Moment (Normal to hinge line) 


413.25 


315.72 


268.50 


108.47 


26.249 


0.145 


5.920 


5.034 


2.034 


26.249 
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TABLE III, (CONCLUDED) 


MODEL COMPONENT: 


GENERAL DESCRIPTION: 


RUDDER 


CONFIGURATION PER LINES VL70-000095 


SCALE MODEL - 0.01875 




DRAWING NUMBER : 
DIMENSIONS: 


VL 70-00009 5 


Span (equivalent) 

Inh'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb’d equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angies, degrees 

Leading Edge 

Tailing Edge 


FULL-SCALE 

106.38 

201.0 

91.585 

50.833 


0.400 

0.400 


34.83 

26.2 5 

34.83 


Hingeline — ^ — 

Area lament (Normal to hinge line) -Ft 3 52 6J^5_ 
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ROUGHNESS ON LONGITUDINAL CHARACTERISTICS CELEVTR - 0) 






FIG. 1 EFFECT OF ROUGHNESS ON LONGITUDINAL CHARACTERISTICS (ELEVTR = 0) 
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FIG. 2 EFFECT OF ROUGHNESS ON LONGITUDINAL CHARACTERISTICS 
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ROUGHNESS ON LONGITUDINAL CHARACTERS 
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FIG. 4 HYSTERESIS EFFECT ON LONGITUDINAL CHARACTERISTICS 

ADMACH = 2.36 






HYSTERESIS EFFECT ON LONGITUDINAL CHARACTERISTICS 
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FIG. 4 HYSTERESIS EFFECT ON LONGITUDINAL CHARACTERISTICS CELEV.R 
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FIG. 5 EFFECT OF ROUGHNESS ON IAT-DIR CHARACTERISTICS (ELEVTR = 01 
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FIG. G EFFECT OF ROUGHNESS ON LAT-OIR CHARACTERISTICS CELEVTR 
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